2009P0003okHto o BIzhed for producing epitaxially coated silicon
wafers The invention relates to a nmethod for producing epitaxially 5

coated silicon wafers. Epitaxially coated silicon wafers are suitable
for use in the sem conductor industry, in particular for the
fabrication of |arge scale integrated el ectronic conponents such as
10 e.g. mcroprocessors or nenory chips. Starting materials

(substrates) wethos! FbRIpRbdLRAHG efEtakitEle oalleddilardn aGRirs
fl at ness, thickness distribution, single-side-referenced | ocal

fl at ness (nanot opol ogy) and freedom from defects are required for
nodern m croel ectronics. 15 G obal flatness relates to the entire
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deviation 20 from a backsi de-referenced ideal plane for the entire
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wafer, that i;s to _say for exanple to _segnents of an area grid of
measur enErENEFEowS ThAPHRG Pa "HFEBEFESE K8 nm 2 (site geometry)

The maxinum site geometry value SBi Rmaw specifies the maxi mum SBI R
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conducior wafer minus an edge exclusion to be defined. It is
described by the GBIR (“global backsurface-~referenced ideal
plane/range” = magnitude of the positive and negative deviation

20 from a backside-referenced idezl plane for the entire front

side of the semiconductor wafer), which corresponds to the TTV
(“total thickness variation’”) specification that was formerly

customary.

25 The LTV {(“local thickness variaticon”) specification that was
formerly customary is nowadays designated according to the SEMI
standard by SBIR {“site backsurface-referenced ideal
plane/range” = magnitude of the positive and negative deviation
from a backside-referenced ideal plane for an individual

30 component area of defined dimension}) and corresponds to the
GBIR or TTV of a compcnent area (“site”). Therefore, in
contrast to the global flatness GBIR, the SBIR is referenced to
defined fields on the wafer, that is to say for example to
segments of an area grid of measurement windows having a size

35 of 26 x 8 mm® (site geometry). The maximum site geometry value
SBiRpex specifies the maximum SBIR value for the component areas

taken into account on a silicon wafer.



2 Maxi aeEer nced flatness or geonetry val ues such as the
SBlRmaxmj%éIP @ ?&E/ eternlned taki ng account of a certain edge

excl usion (EE = edge exclusion") of 3 nm by way of exanple. An
area on a S|I|con wafer within a nom nal, edge exclusion is 5 usually
referred to as "Fixed Quality Area", abbreviated to FQA. Those sites
whi ch have part of their area |lying outside the FQA, but the center
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sequence,QfbsepaLat AgcasskRghe crystal of silicon into wafers,
roundi ng the mechanically sensitive edges, carrying out an abrasive

step such as grinding or |apping 35 followed by a polishing. EP
547894 AFugdereribes, awk@appirBgard to optimizing costs, it is frequently

customary nowadays not to reject a silicon wafer owing, for
example, only to a component area that exceeds the SBIRpax value

20 specified by the component manufacturer, but rather to permit a
defined percentage, e.g. 1%, of component areas with higher
values. The percentage of the sites which lie or are permitted
to lie below a specific limit value cf a geometry parameter is
usually specified by a PUA (“Percent Useable Area”) value,

25 which, e.g. in the case of an SBIRpwx ©of less than or equal to
0.7 um and a PUA value of 99%, states that 99% of the sites
have an SBIRpx ©of less than or equal to 0.7 um while higher
SBIR values are also permitted for 1% of the sites

(“chip yield”).

According to the prior art, a silicon wafer can be produced by
a process sequence of separating a single crystal of silicon
into wafers, rounding the mechanically sensitive edges,
carrying out an abrasive step such as grinding or lapping

35 followed by a polishing. EP 547884 Al describes a lapping
method; grinding methods are claimed in the applications
EP 272531 Al and EP 580162 Al.



met hod; %e[g@/%g% are clainmed in the applications EP 272531
Al and EP 5 162 9P00031DE/Ki 3 The final flatness is
general ly produced by the polishing step, which nay be preceded, if
appropriate, by an etching step for remving disturbed crystal

| ayers and for renmoving inpurities. A suitable etching nethod is
known from DE 19833257 O, by way 5 of exanple. Wiile the traditional
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customary for silicon wafers to be poli shed concavely or convexly. A
concavely polished silicon wafer is thinner in the center, then
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thickness 1in an outer edge region. DE 19938340 O descri bes

depositing a nonocrystalline layer on 30 nmonocrystalline silicon

waf ers, WRENSrayéh's Radd e S ion ligah el samaklgt@ives rise to
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200 In order to counteract that, it is customary for silicon wafers
to be polished concavely or convexly. A concavely polished
silicon wafer is thinner in the center, then increases in its
thickness toward the edge and has a decrease in thickness in an
outer edge region. By contrast, a convexly polished silicon

25 wafer is thicker in the center, then decreases in its thickness
toward the edge and exhibits a pronounced decrease in thickness

in an outer edge region.

DE 19938340 Cl describes depositing a monocrystalline layer on

30 monocrystalline siliceon wafers, which layer is made of silicon
with the same crystal orientation, a so-called epitaxial layer,
on which semiconductoer components are applied later. Systems of
this type have certain advantages over silicon wafers made of
homogeneocus material, for example the prevention of a charge

35 reversal in bipolar CMOS circuits followed by the short circuit
of the component (“latch-up problem”), lower defect densities,
for example reduced number cf COPs (“crystal-originated

particles”), and alsc the zabsence of an appreciable oxygen



of the ¢ p h-up problent), |lower defect densities, for
exanpl e ?ggggggb%gREZEEOf COPs ("crystal-originated particles"), and

al so the absence of an appreci abl e oxygen 2009P00031DE/ Ki 4 content,
whereby it is possible to preclude a shart-circuit risk due to
oxygen precipitates in conponent-rel evant regions. According to the
prior art, epitaxially coated silicon wafers 5 are produced from
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and (d) josi tron~of "an epi taxi a on fron 0
pretreatedisikkieon wafer. 20 It is customary, in order to protect
silicon wafers from particle |loading, to subject the silicon wafers

to a hydrophilic_cleaning after polishigg. Sai d hydrophilic cleaning
producesPrat Pe°8x 1l délontPre eKrBRt Sanditearssisdés Isit hage fogi [presiicing a
waf ero whsghitsnveeyethivhchappr eximakeky QaFer AcBsi22odepending ht
the type_of cleanin%?ggggneasurenent i.s.nati.ve oxide is renoved

.. Th
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surface Fgf(‘ﬁ'géfogﬁﬂtﬂé)fE%&ﬁh@e?% d"rsﬁn Licopwafian Jog, edused
and polishing defects are renove romthe surface by usual smal
amount s 6F) apretearhySREdPinfthef §rcakanplle §dsé&bags shydcegewadiironitde

(HCl)s bebngepgdded=t8rtB80 to 1250 degrees Celsius in an epitaxy
reactor; and
(d} deposition of an epitaxial layer on the front side of the

pretreated silicon wafer.

200 It is customary, in order to protect silicon wafers from
particle locading, to subject the silicon wafers to a
hydrophilic cleaning after polishing. Said hydrophilic cleaning
produces native oxide on the front and rear sides of the
silicon wafer which is very thin (approximately 0.5 - 2 nm,

25 depending on the type of cleaning and measurement).

This native oxide is removed in the course of a pretreatmeni in
an epitaxy reactor under a hydrogen atmosphere (alsc called H;
bake) .

In a second step, the surface roughness of the front side of

the silicon wafer is reduced and polishing defects are removed
from the surface by usually small amounts of an etching mediumnm,
for example gaseocus hydrogen chloride (HCl), being added to the

35 hydrogen atmosphere.

Sometimes, besides an etching medium such as HC1, a silane

compound, for example silane (SiH.), dichlorosilane (SiHyCl,),



35 hydro%%%o%b%%%ag Sonetines, besi des an etchi ng nmedi um such as
HCl, a silanée  “compou n for exanple silane (SiHa), dichlorosilane
(Si H2C12), 2009P00031DE/Ki 5 trichlorosilane (TCS, SiHC13) or
tetrachl orosilane (SiCl4), is also added to the hydrogen atnosphere
in an anount such that silicon deposition and silicon etching
removal are in equilibrium Both reactions proceed at a sufficiently
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appropri &ahe, sarfdopi-ng gas. 20 A susceptor mhlch conprises graphite,
SiC or quartz, for exanple, serves as a support for the silicon
wafer in_a process chanber of the epitaxy reactor. During the
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regularlty he unifornmity of the layer thickness can
lamp banks, and subsequently exposed to a gas mlxture,
comprising a source gas, a carrier gas and, i1f appropriate, a

doping gas.

20 A susceptor, which comprises graphite, SiC or quartz, for
example, serves as a support for the silicon wafer in a process
chamber of the epitaxy reactor. During the deposition process,
the silicon wafer rests on this susceptor or in milled-out
portions of the susceptor in order to ensure a uniform heating

25 and to protect the rear side of the silicon wafer, on which
usually there is no depcsition, from the source gas. In
accordance with the priocr art, the process chambers are

designed for one or more silicon wafers.

30 In the case cf silicon wafers having relatively large diameters
(greater than or esqual to 150 mm), single wafer reactors are
usually used and the silicon wafers are processed individually
since this results in a good epitaxial laver thickness
regularity. The uniformity of the layer thickness can be

35 established by various measures, for example by altering the
gas flows {Hz, SiHCls), by incorporating and adjusting gas inlet
devices (injectors), by changing the deposition temperature or

modifications to the susceptor.



35 establi riqus nmeasures, for exanple by altering the gas
fl ows (H§O%g%&§%§)w /BS} i ncorporating and adjusting gas inlet

devices (injectors), by changing the deposition tenperature or

nodi fications to the susceptor. 2009P00Q31DE/Ki 6 In epitaxy it is
furthernore customary, after one or nore epitaxial depositions on
silicon wafers, to carry out an etching treatnment of the susceptor
W thout a substrate, in the 5 course of which the susceptor and al so
ot her parts of the process chanber are freed of silicon deposits.
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t he epitaxgadhesi| ifocddowatieby $irmed amatipar toefntt@msfqeq:&iqroma)fcmied
epit ia%){l)é coated silicon wafer, 30 nanely a limt value for a

regularify of the epitaxial layer, cannot be prevented from being
exceeded. The sane applies to nethods which aimfirstly to deposit a

regul ar epkt gxbalichka¥er of epitaxially coated silicon wafers with good
global flatness proves to be extremely difficult since, as
mentioned above, a concavely or convexly polished silicon wafer

20 1is usuzlly present as the subkstrate.

Although the deposition of a thicker epitaxial layer in the
center of the concavely polished silicon wafer, where the
thickness of said laver would have to decrease outward in the
25 direction of the edge of the silicon wafer, could compensate
for the originally concave form of the silicon wafer and thus
alsc improve the global flatness of the silicon wafer, this is
not considered in the epitaxy of silicon wafers since an
important specification of an epitaxially coated silicon wafer,
30 namely a limit value for a regularity of the epitaxial layer,
cannot be prevented from being exceeded. The same applies to
methods which aim firstly to deposit a regular epitaxial layer
on a concave or convex polished wafer without firstly
infiuencing the geometrical form of the wafer, and subsequently
35 to "etch into shape" the epitaxial laver or, by means of other
material removal methods such as polishing, for example, in
this way to improve the overall geometry of the epitaxially

coated wafer. In this case, too, depending on the extent of the



on a con e pol i shed wafer without firstly influencing
t he geon%pﬁJggpoggﬂﬁfgﬁ the wafer, and subsequently 35 to "etch into

shape" the epitaxial |layer or, by neans of other material renoval
met hods such as polishing, for exanple, in this way to inprove the
overall geonetry of the epitaxially coated wafer. In this case, too,
depending on the extent of the 2009P00031DE/Ki 7 material renovals
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at least on its front Side, and ch has a B | at ness val u
GBI R of 2B.®97f0r8tphydrepsni @éOwOraﬁeeﬁéeZQXé quséﬁl dfr 2 mhTs80 stige and

Conparat&ﬂ@ﬁYa@@Qdi@ﬁOBEt&M et chhhg epdtaxi abl ¥heoatdogen atmosphere
at a second, reduced hydrogen f£low rate of 0.5-10 slm in a
second step, 1s subsequently coated epitaxially on its polished

200 front side and is removed from the epitaxy reactor, and an
etching treatment of the susceptcr is furthermore effected in

each case after a specific number of epitaxial coatings.

DE 102005045339 Al likewise discloses a silicon wafer having a
25 front side and a rear side, wherein at least its front side is

polished and an epitaxial layer is applied at least on its

front side, and which has a glcbal flatness value GBIR of

0.07=0.3 um, relative tec an edge exclusion of 2 mm.

30 The comparatively good geometry of this epitaxially coated
silicon wafer results from the fact that the reduction of the
hydrogen flow rate in the second step of the pretreatment with
addition of an etching medium makes 1t possible to etch away
material at the edge of the silicon wafer in a targeted manner

35 and to globally level the silicon wafer actually before the
epitaxial-coating step. Disadvantages of the method disclosed
in DE 102005045339 are that although the reduced hydrogen flow
rate intensifies the etching effect at the edge of the polished



silicon faer. r I romthe fact that the reduction of the
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hydr ogen e second step of the pretreatnment with
addition of an etching nedium nmakes it possible to etch away

material at the edge of the silicon wafer in a targeted manner 35 and
to globally level the silicon wafer actually before the

epi taxi al -coating step. Di sadvantages of the nethod disclosed in DE

10200504:\5«1%%% ar %ht hat alftlhou%qfet h }{1eedsljec%(tlcorll_%/cg{ chjergo"“{%é%edirsatn%t

i ntensi f1'6s t Ke chﬁﬁﬁg eftect cat e edge o
2009P0003:DENKir-8 wafer, the gas flow over the sem conductor wafer

is not lamnar. The object of the invention was to provide an
alternative 5 nethod for epitaxially coating silicon wafers such

that eplrt&xPROPFtcOat EdSsiHVEST WY éies Fav i gotid &t sbdle ¥t nes s
resuly. lfﬁla@habj gelr b@liag&ii@\aqg; ey rEBRS sqflhi@dmt»{mr}‘@rsmd?ﬁmg 10
epitaxia coat silicon wafers, in ich a mlti cit

SP1 | Con REFEPS LA eh CRPE olS oed Tt A Tt b9 SR el s
provi dedrasdlsuccessi vely coated individually in each case in an
epitaxy reactor by a procedure in which a respective one of the
silicon wafers provided is placed on a susceptor in the 15 epitaxy
react or, TARd oPg epietipedrcdd eivieda i psanst @F enime thederf ar WHety

at mospheegiatxazhyqr egar bl ewinale ofz k100 i8] Mrand, idh ma Second st e
with addition of an etching. nediumto Hgf Q¥drogen at npsphere at ‘a .
hydr ogensfi%ﬁlor“aﬁéfSFfsl-w hslaﬁﬁe &3 sheR T A58 dF Ahe- Jc‘hiﬁﬁj‘-’nt sides
megi um ofaga. 5xaav5|d&ldmaanid galtcom sa@fea?yfar@mgﬁetdennﬁﬁfwtw@dm;y 950-H0Gase
and i s subsequent coate epi.taxi a on _its _pol.i.she ront. si.

o 1S T ERoSHeR Lo BLE L BRI Btk 3P SR L LA ALA% one
step of thethpretiieavmemefetise ppoweides! ilseatliangceleanentsisrardgedin the

aboves and; bekow Lhespsceplon d ?r%%%‘(#é@g%d i SUGH-& Waed Rah J RefRer a

is a 25 tenperature difference o etween a radially ,
synmet ri BXFTOP8HI BATOSBRESRpASsiEnG YIHO ICEN AW Hate ofofl tHEY 4% &if
wafer ta beceput axkpl Wy reoatied ransth asmpamnt afcHibry siddicen twmfere t hat

hydrogen atmosphere at a hydrogen flow rate of 1-100 slm, at a
flow rate of the etching medium of 0.5-1.5 slm and at an

20 average temperature of 2950~-1050°C, and is subseguently coated
epitaxially on its peolished front side and is removed from the
epitaxy reactor, wherein, during the second step of the
pretreatment, the power of heating elements arranged above and
below the susceptor is regulated in such a way that there is a

25 temperature difference of 5-30°C between a radially symmetrical
region - encompassing the central axis - of the silicon wafer
to be epitaxially coated and a part of the silicon wafer that

lies outside said region.

30 The invention makes use of the fact that the removal rates
during treatment of the silicon wafer with hydrogen and/or
hydrogen + etching medium are temperature-dependent. This is

shown in figure 2.

35 The radially symmetrical region - encompassing the central axis
- of the silicon wafer is preferably a region having an extent
of 1-150 mm, if the diameter of the silicon wafer is 300 mm. By

way cf example, a circular region having a diameter of 1-150 mm



i es outsi id.r an. 30 The invention nakes use of the fact that
the reno Qﬁ%@%@w rlﬁlng treatnment of the silicon wafer with

hydr ogen and/ or hydrogen + etching nedi um are tenperature-dependent.
This is shown in figure 2. 35 The radig/ly synmmetrical region -

enconpassing the central axis - of the silicon wafer is preferably a
region having an extent of 1-150 mm if the di aneter of the silicon

wafer is 300, nm, ex cgr r i on hayi
di anet er “6f* felgﬁlyﬁ&tv\%%Q%%%%% t9 ﬁﬁ% %129% 0i nt
of whi chceortegspdndd et ¢itlheorcerEmr .of the Si I i con wafer. Further

preferred enbodi nents of the invention are clained in 5 the

dependent product clains. It is essential to the invention that the
t enper at G tihg rap reifiggare & b catigiand = e dédve émsntsion core vakaing! in

suscept ok he( bepldnd@ nits peidected1f4im above and from bel ow) is higher
(or 10 lower) than that in an outer zone (edge region). On account of

the tenperature dependence of the renoval rate, this has the
consequente itshats stehe it edl alher eénpaaltiicsm hitghercred tthaipd fedlee  dmnet

zone or e _region Thu the \A Qr_ cancave  1n t
georretryagpte?h BR° SRR enll W ddlE SO Al SRR é&ﬁt‘f"
geonetry (I?F?E‘Vln@IlR) eddre died rfmcevedamed arfd rgldny, begrpw) epi ¢ ab@tqah&ly

coat ggl S'lbh%% water chavi ng go0d, geametyy. @d&&erﬁég‘ﬁ%r?an é}? account of
provi ded. The nethod according to the |nvent|on shows for the first

bime  20thRaf clkeTedHper SEmeaUcage T 950 TEIB0E | & dsverittisl Hat the

this. Thenepiiaxyer @agtkok hdeserddiaed i rreﬁlav%l%% 30y Bl éﬁh@%&m"tﬂte
is suitable for carr%mgA %zlt t he met had. E}, npri.ses a react
chanber , *H&8t&r F°R&Ed SO S &S Ha i Ty tr}ter st°"Hore %acofscaa"e

second dene*tliytilngeoptpamyt ef \thectpcdnehmh@tﬁeo:ald@n cmuptethteracted, the
noldipo devlas Labnliel () ed, Sidiaan el el écnqa BVi£thal Y,

heat i ng e semcon r vva relin eatin
conpr i se§PlaKilpdi Yheaaitrg Sédrcen weiter h@t@trtqjétcedi cﬁﬁceted'ery

properties can be provided.

The method according to the invention shows for the first time

20 that the temperature range of 950-1050°C is essential for this.

The epitaxy reactor described in EP 0 445 5926 Bl, for example,
is suitable for carrying ocut the method. It comprises a reactor
chamber, determined by a reactor vessel having a first dome and

25 a second dome lying opposite, which are mechanically ccupled, a
holding device for hclding a silicon wafer; a heating device
for heating the gemiconductor wafer, wherein the heating device
comprises: a first heating source, which is situated outside
the chamber and is arranged in such a way that energy is

30 radiated through the first dome to the silicon wafer; and a
second heating source, which is likewise situated outside the
chamber and is arranged in such a way that energy is radiated
through the second dome to the silicon wafer; and alsc a gas
inlet and cutlet apparatus for introducing gases into the

35 chamber and for evacuating gases from said chamber.

The heating of silicon wafer and susceptor is therefore usually

effected by heating elements arranged above and below the



t he chanpﬁéggaggéqé%r{é{anged in such a way that energy is 30 radiated

t hr ough to the silicon wafer; and a second heating
source, which is |ikew se situated outside the chanber and is
arranged in such a way that energy is ragiated through the second
donme to the silicon wafer; and also a gas inlet and outl et apparatus
for introducing gases into the 35 chanber and for evacuating gases
fromsaid cha ‘elig;a heatin ofl Svl 11,50 lsa%%sseusg_leeot Qrg |ns
t her ef or 8" u§u8IP§ é@ggﬁ b heé&fhg e enen s artanged a ove '&h
bel ow t heoc2008PAGOALDEMKIL2XY reusteptorsudiRdsamps: drel iGerglwed ﬁmam
this cas ve o] it ct [
Centura %?%@ gg;p§llfEk %Wg{%er:&g: s%@lcfOEIQi ?@9462?5%%?%%‘?%%5@%
be arraﬁéééngﬁdalél@C@Péﬁuﬂ§§hﬁ@ﬁhlﬁﬁh ERIMFFENFHG e VET € Bt thero Bre
typess of thpati Rg ekerenlys cakacakso cencaiski®cdivadd tion, it is
possible to regulate the power of the heating elenments separately
fromone another. In the case of the IR |anp banks, it is possible
to direcmntbédﬂhebnalimoWerpb@sﬁbl@ targﬁm@danﬂnuhe(pﬁﬂfnﬂvﬁrﬂnﬂ
region o e h LAty ref.romoo t
regi on orcehentr SabfEneg AR R T B R T R
known pbbglﬁRlﬂﬁwpoba@&§®rﬂﬁuﬂﬁn@Qﬂﬂégk%1$1GW@QQitﬂﬂ?rﬁhﬁﬁmﬂllnﬁW¢r

a sg@rcabhed LAREE2ONQ AR ARNQW & Z2ORRr 1R lhe teMmelatiliftor
difference - which is essential to the invention - between inner

zone andceawgﬁrzaﬁ@ EERZHE TPAY| IEREF © TH b I Ca LA e 1GFHiTe VF Hife
power of rthetbeathagbelrenEnts iwhizeh lictidusenee thke ailedmf}atkﬂcﬁnm n the
i nner and out i 0 shown.in f| QsSs
thr ougn S0SH PabiEYoRe, 850 E e el s e dre hb RGHE dnpo @
the extenv-oblihd imater izeher eamoval wittler egared to wi dt h and hei ght
inthe center region of the silicon wafer. 25
The temperature difference - which is essential to the
invention - between inner zone and outer zone can be realized
through a suitable choice of the power of the heating elements

which influence the temperature in the inner and outer regiocons.

20
As shown in figure 2 it is possible, through a suitable cheice
of the average temperature, to define e.g. the extent of the
material removal with regard to width and height in the center
region of the silicon wafer.

25

Therefore the temperature difference between regions of the
silicon wafer and the choice of an average temperature of 250-

105C0°C are essential to the invention.

30 Detailed description of the invention

In principle, in the method according to the invention, firstly
a multiplicity of silicon wafers which are polished at least on

their front sides are provided.

For this purpose, a silicon single crystal produced according
to the prior art, preferably by crucible pulling according to

Czochralski, is sawn into a multiplicity of silicon wafers by



Ther ef or re difference between regions of the silicon
waf er an 0@%@0@@5& 55%#'an average tenperature of 950- 1050C are

essential to the invention. 30 Detailed description of the invention
In principle, in the nethod according to;the invention, firstly a
multiplicity of silicon wafers which are polished at | east on their
front sides are provided. 35 For this purpose, a silicon single

crystal praoduce cordln the ri.or art ef er.abl cruci bl e
pul i ng %Ccordlgg %h H?n |%§Q§%M1| %é¥eré%ﬁ%l%¥|0|%%'cﬁWlng
silicon watér Srigp ZO@QD@G@@&D@&Kbonﬁedngma;nﬁ Kirrovem s epiaraat  on
nmet hods, preferably by wire sawing wth free ("slurry") or bonded
grain (dlannnd wire). Furthernore, nechanical processin s are
ef f ect ed FUSGERTHS 15/ s SGFSRTIAI s IFGICESEH e GrhieRA g et sc-})uch as
EIDE;JI 3 an@@bﬁ&en@@ﬁ@#ﬁl&lﬂ%—@l:cd@dﬁ&@d@?&f@o%dﬁmm%{@h Sl%lgﬁdlﬁﬂir[bgal]ls

or I n e e of t IQO cludin )} |
present Egﬁl %éldem%rl%l gsﬂher? é%uﬁteatq lﬂ?qﬂfgp %
essentiaﬂbppnegtlEhee&ﬁghlaﬁtemen@uﬂiddmawaﬂanxﬂmamﬂdynguhptihhally
(11at ) k8 ARRCLAYALaGesaeS 35 el eoe d i g, [ 8PaRs. JPLED an

grindi ng reat ment S conprising cleani ng an i ng
st eps a@esedanenléwatrwtprleweeed flﬁ&%@g tHe tdrd ridilRgsore wesi h g v

et chigg at\egat"t hesse;@fneeelq ptr%%e%lsléQC% yafier s écﬁ;h m&aﬁ%éjy “edge-
removal a§|ls in n the case of single-side polishing (SSP)

silicon FePsgagedﬁegd during processing on the rear side on a
carrier plate by neans 20 of cenent, by vacuum or by neans of

adhesion,, lLn.th ase bl e-sj de _pol.i_shi DS n.

r6 T neerPal oR g0 ELEs Piers” 8 et CrUBrad B SR oA ot Thatl ShApe L eps
front andrereddl$ﬂdea§ﬁwupwawed@§1y in a manner "floatlng freely"
betwpen an upper and a |ower polishing plate covered with a

pollshlngft o . ,
er the grinding, cleaning and etching steps, the surface of
the silicon wafers is smoothed by removal polishing. In the
case of single-side polishing (3SP), silicon wafers are held
during processing on the rear side on a carrier plate by means
20 of cement, by vacuum or by means of adhesicn. In the case of
double-side polishing (DSP), silicon wafers are inserted
leocosely into a thin toothed disk and pclished on the front and
rear side simultaneously in a manner “floating freely” between
an upper and a lower polishing plate covered with a polishing
25 cloth.

The front sides of the silicon wafers are then preferably
polished in a haze-free manner, for example using a soft
polishing cloth with the aid of an alkaline poclishing sol; in

30 order to obtain the flatness of the silicon wafers produced up
to this step, the material removals are relatively small in
this case, preferably .05 to 1.5 pm. This step is often
referred to as CMP polishing {(chemc-mechanical polishing) in
the literature.

After polishing, the silicon wafers are subjected to a
hydrophilic cleaning and drying according to the prior art. The

cleaning may be performed either as a batch method with



25 PlOthQOB@%dU%%QEg§f§?S of the silicon wafers are then preferably
pol i shed™i'n"a 'haze-Tree manner, for exanple using a soft polishing

cloth with the aid of an alkaline polishing sol; in 30 order to
obtain the flatness of the silicon wafer;s produced up to this step,
the material renovals are relatively small in this case, preferably

0.05to 1.5 pm This step is often referred to as CWP polishing

(cheno- i.cal i.shi_ng) i th i,t.erat ur f1.e i shing,

t he siIr%gﬁ&a5%g$§ggiéﬁgﬁ%ﬁé%{gﬁffh%ghjﬁsggbptﬁifggc é%ﬁ%ﬁgq%%é %n
dryi ng abeéhd@i-n@t &@v e Eniicyg arthorse oxcldd® P mays e perfafeied

ei ther ag adatch nmethod with 2009P00031DE/ Ki 12 sinul taneous

cleaning of a nultiplicity of silicon wafers in baths, or by

sprayi ng methods or else as a single wafer process. 5 The silicon

waf ers prow ded iae praglersaklnewiafel s ramae fe MAWI0y W stalddd® of mono-
silicon material.,., SO _.("silicaon-aon-ins or.').. wafers, silican .,

wnf er o AoV RY el Lo Hyers S cr e i Tk R

(" strai ned fsirsi, c eA-ldmonnsalfatrer e viwaf ertsea ivsichadsl faum pragduci ng SO

or SSA wabers 13eh 35 ; HrSBrd CllscAnd iRLOOGR d ol PASURING YAl lor )
with strained silicon layers are known int effrlor art. The

pol i shedWsiEEir&on MR&heAs progvirdedverie s e qiemtdd. Wiareatwd as

i ndi vé dughbytichteaghl eas@dds b reRpiraKtiRAGers kA thhes gy Ltneatd®ntcon
in each ¢ase comprises a treatment of the silicon wafer in a

hydr ogen~a¢moSphéfe “CAY "pake) nd a %t Pddt'ment of the silicon wafer

with addition of an etching mediumto the hydrogen atnosphere, in
e A e e L T o U
hydr ogenPaefsspliece ingigfitggtldd din gach case in an epitaxy reactor.
15
The pretreatment in each case comprises a treatment of the
silicon wafer in a hydrogen atmosphere (H, bake) and a
treatment of the silicon wafer with addition of an etching
medium to the hydrcgen atmosphere, in each case in a

20 temperature range of 950 to 105C°C.
The etching medium is preferably hydrogen chloride {HC1l}.
The pretreatment in a hydrogen atmosphere is effected at a
25 hydrogen flow rate of 1-100 sim (stancard liter per minute),

particularly preferably 40-60 slm.

The duraticon of the pretreatment in a hydrogen atmosphere is
preferably 10-120 s.

During the pretreatment with the etching medium, the flow rate

of the etching medium is 0.5 -~ 1.5 slm.
The hydrogen flow rate is also 1-100 slm, particularly
35 preferably 40-60 slm, during the pretreatment with the etching

medium.

During the second step of the pretreatment, the power of the



25 hydrogen ofJowy3aieaf 1-100 sl m(standard liter per minute),
particul arly ;g}referaEg/ly 40-60 sIm The duration of the pretreatnent

in a hydrogen atnosphere is preferably 10-120 s. 30 During the
pretreatment with the etching medium the flowrate of the etching
mediumis 0.5 - 1.5 sIm The hydrogen flowrate is also 1-100 sl m
particularly 35 preferably 40-60 sIm during the pretreatnment with

the etching . mediym, Jurd %&ﬁéﬁ;&ﬁ%ét Yo l1e ML e/, {he
power of the 2009P00031DE/ Ki 1 eating el enents arranged above and

bel ow t h&esiudeésorin SudheguiratedNat suctncl aldy (HareE TRl sgion -
Sy][rTret ri @gbom@@!s@ang le;lmféoraéaﬁc&i;ug agnﬁs centf alheaXd isL +odf fviah‘_aelrsb dd q%"l
wafer to be_ _epitaxia coated _and having a diameter. of_1- cm has
5t e EPAE RS LS R D e S0C T 4 (U et par S G de

si i con wafieerwhiocte linescaustesi ty ttha(Sal dalegiiore A tulest mentt of the
duration .10-1 ' refer.red, Vol arti.cul y..preferably
20-60 s, Sggrll%(r%& %%éf%ﬁjc%hgtcghﬁﬁgees torll\écgs'[lr(rjw?n'?Ch?e cf;aplﬁd{aérégloorg' the desired
material renoval at the edge of the silicon wafer to be epitaxially

coated. The particul ar advantage of this nethod is that after the 15

pretreatnent steps the silicon wafer obtains an optinmumformof the
front sifletfeRtiRetsdhséddent depdsitdiF of5 aF dpittsd alvesl 1i con
| ayeno si peettibeleenvyey rerr cerdav e f-amssgf ddie i [deomc waferhiirss

conpensated _for l%y_t eé)%r et.reat rrer%th[ of ,the s frge;%%%q Iar]C ttthee

i Licon .
met hod acESPAMTE Tt o tE T AVET %, éjelsr%r;lfeercf F6he T Sref Y

cor r espondget ofathier ¢lid ilvawi g fa rditamétee repaft a1E60 y madrasind t he
center of the silicon wafer, while the outer zone corresponds to a
ring having a width of 1-150 nmm whi ch 25 enconpasses the edge of the
silicon hBfeparthesdayglagegntage of this method is that after the

15 pretreatment steps the silicon wafer obtains an optimum Zorm of
the front side for the subsequent deposition of an epitaxial
silicon layer since the convex or concave form of the silicon
wafer is compensated for by the pretreatment of the silicon
wafer.

20
In the method according to the invention, the inner zone
preferably corresponds to a circle having a diameter of 1-150
mm around the center of the silicon wafer, while the outer zone
corresponds to a ring having a width of 1-150 mm which

25 encompasses the edge of the silicon wafer. These values
correspond to the application of the invention to silicon
wafers having a diameter of 300 mm. With the use of silicon
wafers of the next generation having a substrate diameter
of 450 mm, inner and outer zones are chosen accordingly,

30 likewise in the case of smaller substrates such as 200 mm- or

150 mm-wafers.

The invention makes it possible to choose the outer zone
depending on the initial geometry cf the silicon wafer to be

35 epitaxially coated. Preferably, firstly the initizl geometry of
the polished wafer is determined in a batch of silicon wafers
to be epitaxially cecated and then the corresponding process

settings for the pretreatment steps in the epitaxy reactor are



correspo i.cation of the invention to silicon wafers
havi ng a?gpg%8@§§1§£9 O M Wth the use of silicon wafers of the
next generation having a substrate dianmeter of 450 mm inner and
outer zones are chosen accordingly, 30 ljykewi se in the case of
smal | er substrates such as 200 mm or 150 mnmwafers. The invention
makes it possible to choose the outer zone depending on the initial

geonetry e sili.c fer tqQ be 35 .epiitaxially coated. .
PreferabF@%s%Efs?hﬁktgg ﬁ%i%ﬁ&|38e§ﬁégﬁﬁgg I'Fﬁf Eﬁﬁfgﬁeﬁﬁmﬁﬁﬁ e
det er mi nedngn &hbatehpofosiclri eon Wwifee tempey afel repididifieglanr e dettattcand

then the;goerespandiRe rPLRGESS quSehly RS f-HiRe RreLgalent, SLeps
in the epitaxy reactor are 2009P00031DE/Ki 14 chosen, that Is to say

in parti €E68RaF°Fhe extent of the inner zone, the | anp power and the
tenpeyature difference between inner and outer zones during the

et chi ng at t inthe_ _reactor. 5 After the pretreatnent steps,..an
opi taxi ol [ ayer FsPABBOCTERAT tat CFERS! "6 EHE Ot SHEY 1 ot CEHe e
the siligbnleaber onFohe phils spadpdsenta sdideand St ce ldasgowedegagior
doposi t e 5t B11B7FShpar Star b of 800 =L 200E Hasondr g o 25 si T ane
sour ce UBEHrOYFR| eRl 6RESHEANEAETCENE sPrpiapdrdblly veded saslarivs ididdamd a

sour ae, tahpargdenesi bironpbenpenatuneehaifs0uhlefe whisgh thenefonted.
| i es above the tenperature range essential during the 15 pretreatnent
steps. The thickness of the deposited epitaxial layer is preferably
0.5-5 pnTr26hAbrerilhecddpasit ianpak feabey taxdalasl ayer sitlhee source,

epi t axi aéch? GOBLEY. SLL E%Rﬁ‘é@f EhrkS orfe%\é%glflr‘i}g)mct h%trﬁ%iht Phresare
reactor. “After a specific unber 6t epitaxi al "depdsitions on sili1con
waf ers, thessaseept bhei senpeypédrai rhinge esckivtg adedivumna2she

preferabby.wtheflole LRepider to free the susceptor of silicon

The thickness of the deposited epitaxial layer is preferably
0.5-5 um.

20 After the deposition of the epitaxial layer, the epitaxially

coated silicon wafer is removed from the epitaxy reactor.

After a specific number of epitaxial depositions on silicon
wafers, the susceptor is treated with an etching medium,

25 preferably with HCl, in order to free the susceptor of silicon
deposits, by way of example.

A susceptor etching is preferably effected in each case after
1-15 epitaxial coatings of silicon wafers. For this purpose,
30 the epitaxially coated silicon wafer is removed and the

substrate-free susceptor is treated with HCIL.

Preferably, besides the susceptor surface, the entire process
chamber is flushed with hydrogen chloride in order to remove
35 silicon deposits.

The susceptcr is preferably coated with silicon after the

susceptor etching and before further epitaxial processes. This



deposi ts, Eybq% f npl e. A susceptor etching is preferably
effected 2|Oa%eac 03381.38 after 1-15 epi taxi al coatings of silicon

wafers. For this purpose, 30 the epitaxially coated silicon wafer is
renoved and the substrate-free susceptor;sis treated with HCL.
Preferably, besides the susceptor surface, the entire process

chanber is flushed with hydrogen chI oride in order to renmove 35
silicon 03 S i referabl co th SI con.
after thgejn(?:1 usceﬁjtva%etatg%hl ng Se‘Hlé:ebe oreJT Tt erwaepl axi akf pr ass aslly
Thi s 2009PGIGBI DR 1S Ty lre s vEmteayelausorsiHoe am@ﬂ@mo waf er
to be epitaxially coated does not then bear directly on the

susceptor. Moreover, it has been shown that the nethod according to
the 5 i nVERECHF s iduilEsbIPe oS isred idiaty i sing s \eFear & H o the

conpr§ ses naehitarin ilsd%uart@baer SioE spxdmwﬁmj el nsﬂtld&asﬁaﬂéxs wHT@mt
sideisgolishedand |alclae‘y IS ap |I€CL . tonlts
front si d&€™PAnd Whi‘c - 5f atties < vai ue eé”éilﬁl o% o“t?zs% e’
pm rel affireett ¢iae edg@oéowlhmi @mdfar? epmtaﬂ;(hll fla@rexechge aaxel ssd ot

of 1 mm , i ri t
results F%a%%p %gﬁﬁ:’e?}%%]t Ss(SLﬁl%to 6 6%3 !%55 rgobcaa e%%r&r)lé;%ss \pa\ﬁle
expresselBBy e OSBIERPRX,C Mt W@l@zﬁéfﬁbftq 1 sidg cotre Weflam of 2 mm.

epitaxially coated according to the invention, is greater than or

equal to m and | ess .than or equal to 0.05 pm_.likew se given an
edge ech%sﬁ&neéﬁeze ﬁéﬂﬁdof‘el%ljv t'o ﬁﬂﬁ%%ecﬁegﬁf&% 6t Hh Sfed more
grid of segﬁaqb&th@wlm@raom,zahcfs 20126068 iIMMGBIRThissl veas Wit 0 10w 336
segnent s ich 52 are "partial sites". The "partial sites" are

pref er abe taken into account in the determ nation of the SBI Rrax.

The PUA value is preferably 100% 25 Relative to an edge excl usion

of 1;9m raR $BLEBTRX1Qk @eQ4 tQp L PB) 8HY tBTR,,,, in the case of the
silicon wafer epitaxially coated according to the invention, is
greater than or equal to 0.02Z yum and less than or egual to
0.05 ym, likewise given an edge exclugion of 2 mm and relative
to partial regions of an area grid of segments having a size of

20  26x8 mm®. This results in 336 segments, of which 52 are

“partial sites”. The “partial sites” are preferably taken into
account in the determination ¢f the SBIRp:. The PUA value is

preferably 100%.

25 Relative to an edge exclusion of 1 mm, an SBIRp.. ©0f 0.04 to

0.07 um results.

The silicon wafer 1s preferably a wafer made of monocrystalline
siliceon material, an SOI(“silicon-on-~insulatecr”) wafer, a

30 silicon waifer with a strained silicon layer (“strainsd
silicon™) or an sS0I(“strained silicon-on-insulator”) wafer

which is provided with an epitaxial layer.

The epitaxially coated silicon wafer according to the invention
35 preferably has an epitaxial layer thickness regularity of at

most 2.0%. The epitaxial layer thickness regularity can be

determined by measuring average value t and range At = Tpae—Tmin

of the epitaxial layer thickness. At/t is particularly



The sili %&@@&%&’l%%@/%{ﬂef erably a wafer made of nonocrystalline

silicon ("silicon-on-insulator") wafer, a 30 silicon
wafer with a strained silicon layer ("strained silicon") or an

sSO ("strained silicon-on-insulator”) wafeer which is provided with
an epitaxial layer. The epitaxially coated silicon wafer according to
t he inventi on 35 pref er ably has an epitaxial |ayer thickness

regul ari t 0% ‘I;he i taxi er. thi cknes egul arity
can be a&?&d’n&/ 5rf‘eas 9y 4 ag}:éaé%]ﬁ}gy r]éﬁfﬁeaﬂ Sﬁ&
tmax-tm ri O(%f -t He Séspl tI&»el aieﬂmgoéraddum:lorre;sto GrHd Jlrs\'rqararjt@mulwzf yche gas

20092000%]_18%/ Qniﬁlst% %@tl&&o%laﬁ'{éﬁ p?él_irr?ﬂ!s?rﬂl'}'e

preferab % e net according to t’he i'nvention, for
t he gas pﬁfp@kmfft&r@@ g>efs i@ xdiagting stad s Stlllazucrmd Waler A thatheg these

produgti apiehQRit axiald ¥raeatRd Sild fon mafads, having these 5
epitaxial |ayer thickness regularities. If, in the prior art, it is

attenpted to correct the concave initial georretry of the poI i shed
silicon wafernbyha prdeedure, iin Wi ctiergiekero (@Wrrect the concave

th|nner)egl%aX|abeo ﬁf bfd%RPSIt%q uuxi%gv%he Cenh%%O éh2$? Slqeéﬁre

waf er dufing €pit V a précedite n
| ar gel y peguharch @zp|tthaqualr | {@yrert-hiigrdapowt itedk L thel aorc ave c@mmltreyd

of the epkt %'n%lelry o30ated Sithicon Jweder 4.5 sipsequent)y &Prﬂ;gcé ed by
etching renoval at the epitaxial layer, it iIs Tnpossible to keep

the epi t RXP&EIMEPer Nt W%L@ﬁes@lrtéw% fiiyr SFerafet el I cIrgyie
extrenel Bépb_lﬁﬁﬁkli'fadmla@@& Gl tdle@@lsﬂt@rd t hevecapane gdmutactdif efise 1N
t hat narrow rangﬁ tha equ to 2% . 20 Ex rr%!ee: The b
exanpl e FBI-&fed &Yar‘fo«@% &&é‘td‘?a L tife 456 B5 MU F By
Appl i ed Bhatédnal $emAvsdhamatth@ egnstauctl drevafr,t hee 25 riegeiorichanber
of sugh n R iR .f r e
schetnt | LoebnarFucEr et TP Teh (PSS Feall AW HAMNEL® which
is extremely important and critical for the component
manufacturers, in that narrow range of less than or equal
to 2%.

20

Example:
The example relates to an epitaxy reactor of the type Epi
Centura from 2Applied Materials. A schematic constructicn of the

25 reactor chamber of such an installation is shown in figure 1.

Figure 1 shows the schematic construction of a reactor chamber

of an epitaxy reactor for carrying out the method.

30 Figure 2 shows the material remcoval at a polished silicon wafer
having a diameter of 300 mm by etching pretreatment in an

epitaxy reactor for various treatment temperatures.

Figure 1 illustrates the schematic construction of a reactor

35 chamber for carrying out the method according to the invention.
Heating elements 11 (top, outer region), 12 (top, inner
region), 13 (bottom, inner regicn) and 14 {(bottom, outer

region) are illustrated. The reactor comprises a susceptor 4



'~ zones.

of an epit r,J.or carrying out the method. 30 Figure 2 shows
the nat eri° Z%%P@m%/ ‘a polished silicon wafer having a dianeter

of 300 mm by etching pretreatnent in an epitaxy reactor for various
treatment tenperatures. Figure 1 illustrates the schematic

construction of a reactor 35 chanber for carrying out the nethod
according to the inventi on. Heating elements 11 (top, outer region),

12 (top nner ion), 13 ,(bottom_ inner region), and

out o1 " EGRORF LI I R oA oY SEe 5 USRS & 928
2009P000333DE‘tK|app‘araftmls rPecei \day diielest Ia}_:qwranafserB,t ehappmiaxial$ yfor

coat ed, I apparsat I 4 appar
appar at ugl %%? gnr?glhdntl n %M ﬁeb ting su?%:eptor t%#su%s'{a{%| }%y reans
(e.qg. byOr:?eé@scaéflesﬂoJéai ed 1)t PichOY T arrd98a drfetaErs A &G 62 for

S cong aCQ:b%%%'c)él@%%&W f2G: e demper atdife ddtdhe fheagtorn-Lhaberchamber.
Tabl e 1 now shows by way of exanple typical values for lanp powers

in the case of the Epi Centura which realize the tenperature

di f f er endableedsentd ahda thi}evdarwefﬁ icotemp etiwgeinca 11074 nney aond  auter
Inthls case thetot a IS 70k dlstrlbut d anong

t he four Ioarrp béﬁlks |Ilct?sster lrlieg%fl g\tlj&raeentluﬁef op}h nside., a1128cHe

t op/ out sitg@pepatuony |dn§fdaerermﬁ t-orsmsrsiide)) . toThilse cm‘ms*@mrdy Ietween

an a\{@rag%nte@ngg@agtért%ﬂ nJdhe chanmber of approximately 950- 1050C.
60% of the total power comes fromthe upper |anp banks or heating

el ements. 20 Table 1 Total Upper Lower heating heating power
el enent s 1l epeRt $222K W4k Wo 20 k\Wip 6%l i< 409018, JQW DKW among

the four lamp banks illustrated in figure 1 (top/inside,
top/outside, bottom/inside, bottom/outside). This corresponds
I5 to an average temperature in the chamber of approximately 950-

1050°C.

60% of the total power comes from the upper iamp banks or

heating elements.

20
Table 1
Total Uppe.r LoweF
bower heating heating
elements elements
25kW 45kW
70 kW = 60% of = 40% of
TOkW T0kW
Distribution
inside/ Inside Cutside Inside Outside
outside
Epitaxial 13.5 kW 5.85kW
coating = 54% of |11.5 kW = 13% of 392.15 kW
25kwW 45kW
Etching 16.5 kW 7.2 kW
bretreatment = 66% of 8.5 kW = 16% of 137.8 kW
25kW 45kW




Di stri butli i.nsi_de/ side Qutside Inside Qutside outside 13.5 kW
5. 85kW E%P@Eﬁi@?)ﬁ%@i 5'of 11.5 kW= 13% of 39.15 kW coating 25kW
45kW Et ching 16.5 kW 7.2 kW66% of 8.5 kW= 16% of 37.8 kW

pretreat ment 25kW 45kW 2009PO0031DE/ Ki 48 The distribution of the

| anp power between inside/outside is different during the etching
pretreatnent than during the epitaxial coating. 5 In the Epi Centura

the distrjibution 54% 13% | tq _a_ honpgeneaqus tenperature . . .
('St 11 bUEEn OLREEHESrF: Eon i & T Ee Co BT FR e vt sice is
t enper at dié€ fiegestbsinannicatthg iedermtiingalp rert regltmearggitdes afuntie gitld con

wafer. Iporder to_achi.eye a honobgeneous tenperature distribution,
an opti m%% enerlSy f% Ells}gjre'i bution has to be determ ned for each

react or chanber. Said energy distribution can vary in different
[rﬁaC]Eplfl ¢hawber Epieg%ﬂt%:at ﬁ%efsaﬁ%l;clrﬁ&ﬁ%tqfori )gplfes Al%d%g-lelim:s Gentaur a) . ]

e follown rocedure is prefer adopt ed _faor deter.mi.nin t he
opt i mum BRBPFOGPLEr LBEFFSR o BB TS (s STy g CBF ftes nd
waf er s (esugcebitve .Wikeks kheackratizngire sSubstrattantriesliist ansntsi . in
ohm cm i sed. .Differe ener i si.rd_huti.Qn et r
waf er (e.glé.E \%ggérgnf: %§4E7§1f3%)§.1.q¥0\?\}a?}ear. etz)t:' I%B%drf%e tz)t c%cth‘leﬁgea%]ve
waf er s ahernphencruas Geagefrait ugeailsd 2@uisiony an SR iiightensdalf eri ng

measys emgRt LASLEUEBNG AL @B KA qoteNeln RNt or ida M CRSSA M cHtasE ned
under a m croscope. An average setting is chosen for the further

epi taxy SEéfsSNTREY Aimbird P 186hiVe Y&T Yerder GV Iictsi ST Ph4thqwers
as honogeneausr asepesdicblezeterr ttheesild.ean maf @erfmarrd)he epitaxy
step. This 25 procedure is also referred to as "running a slip
wi ndow' anobng experts in the field of sem conductor epitaxy.
The following procedure is preferably adopted for determining

15 the optimum energy distribution for the epitaxzy step: a group
of p—- wafers (e.g. five wafers) each having a substrate
resistance > 10 ohm cm is used. Different energy distributions
are set for each wafer (e.g. wafer 1: 54%/13% .. wafer 2:
58%/14%, etc). The five wafers are then measured for example

20 using an SP1 light scattering measurement instrument from KLA
Tencor and - if necessary - exanined under a microscope. An
average setting is chosen for the further epitaxy steps. The
aim is to achieve an energy distribution that is as homogeneous
as possible over the silicon wafer for the epitaxy step. This

25 procedure is also referred to as "running a slip window" among

experts in the field of semiconductor epitazxy.

In the course of production, wafers are regularly examined for
possible slips. If there are slips on the wafers, the "slip
30 window" is run in order once again to determine an optimum

setting of the energy distribution.

In the present invention, preferably proceeding from an energy
distribution optimized in such a manner for the epitaxy

35 process, the power is increased in the inner zone for the
etching pretreatment in order to obtain the reguired

temperature difference between inner and outer zones.



In the c tion, wafers are regularly exam ned for
possibleggp?%gabﬁﬁbgﬂgge are slips on the wafers, the "slip 30

wi ndow' is run in order once again to determ ne an optinmum setting
of the energy distribution. In the presgnt invention, preferably
proceeding froman energy distribution optim zed in such a manner
for the epitaxy 35 process, the power is increased in the inner zone

for the t chi.ng e i r.der. n t r e

terper at it6 OFT S encE Batueth Tonsl a5 Sotar Zsnas. SO0SRouss B °F
19 |f, P8F PHebdpi tarlsodess thieopoaseanpiie than uppEminASE vyl (fel Bfents
54% or 620 resHkt Snhek theePqwelr Qf HORR PR hedkiRG fhaeM St A& ion
the inner zone (for a honD%eneous t enperature dISLrIbU%an over the
whol e waPEFY, thRelaGal'Gé o '66%°0r 272 WeSfe &GV Yy T35 1 FeSPectively
pr ef exr eflsf prefheretclibrg tpeetredt mentorBudangenite et chi ng

pretreatnent, therefore, the energy distribution proceeding fromthe
previous optim zation is always chosen differently in order to

achi eve Pheingnpberatirbing girkttecenvendssdmmeiralfore t hdd mremdwon of

5- 30. Th&i9%%&5&995&95:@@%@3§%gf&QQME%%kep%év%%%%_%%t%ﬂﬁﬁﬁﬁﬁkﬁiqmﬁ
di fference of apErOX|nater 20C. Variations of this™ distribution
nmake it POYEVB| 8RPEeBefifhETER PaT 4t urE SETT ff&r érdecVes the theersfigge

range cl @i fedrehtguees2anshaws tbhe haatierical ilbgmavals -facom si | i con

waf ers having a dianeter of 300 nm (therefore the inscription on the
axis from- 150 mmto + 150 mm as a function of the average 20

t enper at lhe dfisthébsilipoohokdfiér. fToam diadilel Qutlicanis66% E6%dmmeEmature
table 1 uaseUseobnokng BLkLGaluanl 3eps.y,The LemmerAl uie o

di fference between Priner and out'er “zones of the silicon wafer was

t her ef or@1appibRianelnfk20CE PosEibile &@ @&kt thifatt e nmdiers glifference

remoyal iR the ERpekereghgl ef-itle.silicon wafer around the center
thereof (x-axis = 0) exhibits a significant tenperature dependence.

A tenmperature of 980C and 1000C and 1020C exhi bits an etching
removal Pigtrée2 shows the material removal from silicon wafers having

a diameter of 300 mm (therefore the inscription on the axis
from — 150 mm to + 150 mm) as a function of the average

20 temperature of the silicon wafer. The distribution 66%/16% from
table 1 was uszed in the pretreatment steps. The temperature
difference between inner and outer zones of the silicon wafer

was therefore approximately 20°C.

25 It is evident that the material removal in the inner region of
the silicon wafer around the center thereof (x-axis = 0)
exhibits a significant temperature dependence. A temperature of
980°C and 1000°C and 1020°C exhibits an etching removal profile
that is particularly suitable for correcting the gecmetry for

30 most convexly polished silicon wafers in a particularly
advantageous manner. Therefore, this temperature range 1is

especlially preferred for the method according to the invention.



that is pafidsey IO?' [}ﬁ/qyi_ltable for correcting the geonetry for 30 nost
convexly polish silicon wafers in a particularly advantageous

manner. Therefore, this tenperature range is especially preferred
for the nethod according to the inventiopn. 2009P00031DE/ Ki 20 Patent
Claims 1. A nethod for producing epitaxially coated silicon wafers,
in which a nultiplicity of silicon wafers which are polished at 5

| east onﬁﬁ =§ides are provi ded and successively coated

i ndi vidually |n ea case in an epitaxy reactor by a procedure in
whi ch a respective one of the silicon wafers provided is placed on a

suiscept 3'1 imﬁrh#’trﬁm t@% &ﬁﬁi@{}n @éﬁijtéﬁh@% rcﬁéﬁdi@lﬁ%é&ﬁ?&aﬁéﬁg in
only under a ogen ere at. a rogen flow rate o

slmand in éf’hlstgbc?ndmjs]t d?fﬁjo]ﬁ%cfg %ﬁi g TR R T B ’t%%Ed at
hydr ogen at nespheren mamyﬁfcﬁgersjfdmv % 0d q;mjvﬂdédmar&ﬂ MBuates sl F4&ow
rate of the et L.oslmand at_an _averag

{enperat ur o oF 950 H0E0C i s s sReiueit y A Lo B ED Fasr et o
on its poli ghregeduont g} déviand 4 s-gmmviedre fcrrmnctﬁmetla)makycmeam&rs
wherei n, durjRg it S_L%C%Cjac%de%rpfa §J§ce&5f§§feﬁ{ MBI o ff NEL POVEL 2 Of o,

heati ng el errents arranged above and bel ow the susceptor is regul ated

in such a wayd tifattiercdbed an earrp%lr%ﬁmr%t%&fcffé'ﬂér}%féi%? &_Iyrogen
bet ween a 2@ thadisl enya %ym@twy&aﬂgdregﬂm -r&capassiny 4 he eﬁllﬁﬂltiﬁﬂa

axis - of the SI on wafer e e X|aII coated nd r

t he SI|ICOI’ISV\£]‘O@I’ t at” 1% gg“(ﬂ?fdsﬁbc ’E % Cgl t‘gat

clai med i n dvaimmgen wherceiphertwe iy dy dgeircfdmwf]Zﬁo rJfaEttee i st 4D=- 500 s$lm, at
in both pretreatyient;Sf ens 13 e, { 1f}§n %09 g 4 %C th”%ﬁld Oft Zany

wherein the duration of the pretrea 120 s
pr et r eat enedV eSEESs .t egE ra tuTise Orfetﬂ‘ﬁfﬂ'lepsmbci% RS |Jn‘S amb%ﬁq@raﬂem 1

t o 35 wher eichad deerparat:ura 16 fdherenceofi sHE20 qHevaids MM the removed
silicon wafer during the second step@J‘c t he pretreat nt

method as clF&Hed i BE ASATHETY 107, S Whver Bt - Hot ‘sSeond step of

the pretreatment, the power of heating elements arranged
above and below the susceptor is regulated in such a way
that there is a temperature difference of 5-30°C between a
20 radially symmetrical region - enccocmpassing the central axis
- of the silicon wafer to be epitaxially coated and a part

of the sgilicon wafer that lies outside said region.

2. The method as claimed in claim 1, wherein the hydrogen flow

25 rate is 40~60 slm in both pretreatment steps.

3. The method as claimed in claim 1 or 2, wherein the duration

of the pretreatment is 10-120 s in both pretreatement steps.

30 4. The method as claimed in any of claims 1 to 3, wherein a
temperature difference of 10-20°C prevails on the silicon

wafer during the second step of the pretreatment.
5. The method as claimed in any of claims 1 to 4, wherein both
35 pretreatment steps are effected at an average temperature of

950-1050°C.

6. The method as claimed in any of claims 1 to 5, wherein the



35 pretr t re effected at an average tenperature of
950-1050gﬁkgﬁg¥ﬁ§ﬁﬁ§§ﬂ§d as clainmed in any of clains 1 to 5, wherein
the 2009P00031DE/ Ki 21 second step of the pretreatnent is effected
at an average tenperature of 980-1020C.,;7. The nethod as clained in
any of clains 1 to 6, wherein the 5 radially symetrical region -
enconpassing the central axis - of the silicon wafer to be
epitaxially coate as_ at st _a.dianeter. of 50% of. t he_di amet er_of
Che a1l fcon ey BEPrd Mot d o 2 Giee 1 S oT b 3 e 1 (e
wher ei n t he teh@Ppegidtivomn aaf&SH0haE2® @i aneter of 300mm and t he
radially symretrical region - enconpassing the central axis - of the
silicon wafer to be epitaxially coated has a dianeter of 1- 150mm 15

9. The nét-hddeadreditg iT-HREDF T H PP F 1S whelr@i bv tHeerein the
silicon waf eradias 18 cii;arm&th ofiafl %l ti13] and:%rtchﬁagsaaﬁn?ﬁ ythéyé@fe&f féﬂgélxis
region - enco ing the centr axis - of, the i con er to bhe
epi taxi al |y ookt ddhds 1t G AHATGT 0f° 5 F50Hii* 20- 110 TR Foe iR a6 oSt
clai med i n anyliefmedead ref Ba% & titwerdtiamdter @pitlexysStipon swafer.
effected in a tenperature range of 950 to 1200C and w th honbgeneous

tenperature distribution on silicon wafer and susceptor. 25 |l.The
met hod a$-clTiemEd inecamp ofl agimgdgrein any 108 ewieies nl tthe 6 hediengin the

el enggit s ar & il1IRd @AM rk2 nEe d1eiihed @s- ¢l Al fmbh ey £d@igs1d to
11, wherein the 30 silicon wafers provided are wafers coqggse
f

) do
monocr yst al ISV Cdn, T eSA°N 5i9h TR R Tt r aferss — of the
silicon waf eris iwdrh weifead ned ks |dcicte A i@iens @fatsSOhad "stdodmeder of 1-
silicon-on-i@ﬁylator") wafers in each case having a dianeter of
150mMm 200n§1 300nm or 450Mm

15 9. The method as claimed in any of claims 1 to 6, wherein the
silicon wafer has a diameter of 450 mm and the radially
symmetrical region - encompassing the central axis - of the

silicon wafer to be epitaxially coated has a diameter of 1-

250mm.
20
10. The method as claimed in any of claims 1 to 9, wherein the
epitaxy step is effected in a temperature range of 950 to
1200°C and with homogeneous temperature distribution on
silicon wafer and susceptor.
25
11. The method as claimed in any of claims 1 to 10, wherein the
heating elements are IR lamps.
12.The method as claimed in any of claims 1 to 11, wherein the
30 silicon wafers provided are wafers composed of

monocrystalline silicon, S0I ("silicon-on-insulator™)
wafers, silicon wafers with strained silicon layers or sS0I
("strained silicon-on-insulator™) wafers in each case having

a diameter of 150mm, 200mm, 300mm or 450Cmm.



